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Selective C–C coupling at a 
Pt(IV) centre: 100% preference 
for sp2–sp3 over sp3–sp3† 
 
 
Paul A. Shaw and Jonathan P. Rourke  * 
 
The oxidative addition of three diﬀerent organic halides RX to the non-symmetric platinum(II) mer co-
ordinated dicyclometallated C^N^C complex 1 yielded short-lived six-coordinate platinum(IV) complexes 
2(R) (R = Me, allyl, Bn), with the incoming groups trans across the platinum centre. A spontaneous reduc-
tive coupling reaction then occurred with, in each case, a completely chemoselective sp2–sp3 coupling, and 
exclusively gave R-3, with the newly introduced R group bonded to the previously cyclometallated aryl ring. 
Following a recyclometallation reaction, the oxidative addition/reductive elimination cycle was repeated and 
gave the same selectivity. A one-pot route to doubly alkylating the aryl ring was developed. The observed 
selectivity might have been predicted on the normal basis of a steric barrier associated with non-flat sp3 
hybridised groups, but we suggest that it arises from the stereochemistry at the metal, and the orientation 
of the ligands. 
  
Introduction 
 
Catalytic processes that result in the general functionalisation of 
hydrocarbons have yet to be fully realised,
1
 and considerable eﬀort 
is still being invested in the study of model organo-metallic 
complexes, such as those of platinum.
2
 Platinum com-plexes are not 
just amenable to study, but also have direct rele-vance to actual 
processes as some are able to activate methane.
3
 Understanding the 
selectivity associated with the various steps of a catalytic process is 
key to the construction of new improved processes, and in this paper 
we concentrate upon the final step of any process: the reductive 
elimination of products. In particular, we pay close attention to the 
selectivity in the carbon–carbon bond forming reaction at a 
platinum(IV) centre. 
 
When a metal centre has more than two attached groups that 
could potentially couple, some element of selectivity will come into 
play. If we just consider carbon bonded groups, one factor that has 
considerable relevance is the hybridisation of the carbon attached to 
the metal. Thus, the carbon might be an alkyl group (sp
3
 
hybridisation), an aryl, alkenyl or vinyl group (sp
2
 hybridisation) or 
an alkynyl (sp hybridisation). It has long been observed that the 
coupling of two alkyl groups has the largest energy barrier, and is 
the slowest process, even though it might result in the most 
thermodynamically stable  
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products. This observation can simply be explained with refer-ence 
to two eﬀ ects: the first steric and the second electronic.4 The steric 
eﬀ ects arises due to the flat nature of groups other than alkyl 
reducing the hindrance to the approach of the two coupling groups, 
whilst the electronic eﬀ ect relates to the less directional nature of the 
sp
2
 or sp hybridised orbital (com-pared with an sp
3
 orbital) allowing 
a greater overlap in the three-centred transition state. Though these 
eﬀ ects are reason-ably general, it had been observed that there were 
several con-flicting examples in early examples of platinum(IV) 
chemistry.
5
 In more recent years, several platinum examples of the 
more expected preference for sp
2
–sp
3
 over sp
3
–sp
3
 have been 
observed,
6
 and one group has reported a system where the sp
2
–sp
3
 
and sp
3
–sp
3
 couplings are competitive with each other (a 7 : 1 
preference for the former).
7 
 
The use of a rigid, or semi-rigid, chelating ligand can lead to 
selectivity. Thus, whilst the use of a cyclometallated bipyri-dine 
restricts the outcome of a reductive elimination to an sp
2
–sp
3
 
coupling (which might have been expected anyway) instead of an 
sp
3
–sp
3
 coupling,
8
 another group has reported the use of a 
meridonally coordinating C^N^N ligand to give exclusive sp
3
–sp
3
 
coupling, rather than sp
2
–sp
3
 coupling.
9
 Both of these examples 
proceed via a five-coordinate inter-mediate generated by halide 
abstraction from a six-coordinate octahedral complex. The rapid 
reductive elimination from the unsaturated intermediate has been 
rationalised theoretically,
10
 with the analysis also providing 
additional support for the observed selectivity. 
 
We have recently been expanding our own work on cyclo-
metallated complexes where we have, in the past, investigated 
agostic interactions of, and the C–H activation by, a number of 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1  
  
 
cycloplatinated complexes.
11
 Our more recent work now includes 
studies on both C–Cl
12
 and C–C
13
 reductive elimin-ation reactions. 
In this paper we report on the use of a ligand system with a 
constrained geometry to limit the scope for coupling reactions and 
were able to demonstrate completely regiospecific C–C coupling. 
 
 
 
Results and discussion 
 
Oxidative addition of MeI and reductive coupling 
 
Following our published procedure,
11a,e
 we were able to isolate the 
previously unreported tripropylphosphine derivative of the doubly 
cyclometallated butyl aryl pyridine, complex 1. The oxi-dative 
addition of methyl iodide
14
 to this complex did not occur at an 
appreciable rate at room temperature, but pro-ceeded at a respectable 
rate at 50 °C, whereupon two new pro-ducts could be observed. 
 
At this temperature, after 30 minutes, 75% of the starting 1 had 
been consumed, producing the expected six-coordinate 2(Me) (65%) 
as well as some reductively coupled Me-3 (10%), Scheme 1.‡ The 
identities of these two complexes were clear from their NMR 
spectra. In particular, the six-coordinate Pt(IV) complex 2(Me) had a 
similar pattern of 
1
H resonances to the starting 1, but with the two 
hydrogens of the cyclometallated alkyl group now being 
inequivalent (and coupling to each other), as were the two methyls 
of this group. In addition a new methyl resonance with strong 
coupling to 
195
Pt (∼70 Hz, in the 
1
H and 563 Hz in the 
13
C NMR) 
was observed, with NOE measurements indicating the expected 
trans arrangement of this group and the iodide. It proved impossible 
to isolate 2(Me) free from both the starting 1 and the reductively 
coupled product Me-3, though short reaction times (e.g. 10 min) 
could be used to minimise the extent of reductive coupling, though 
at this point only 25% of the starting 1 had been consumed.  
 
 
 
‡ In the numbering system used, 2(R), (R) refers to the group attached to the metal 
(either Me, allyl or Bn), whereas the R in R-1 or R2-1 etc. refers to the R group attached 
to the ligand. 
 
 
 
Conversely, longer reaction times (e.g. 1 hour) could be used to 
ensure all starting 1 had been consumed, though this led to extensive 
reductive coupling (typically >50%). Thus 2(Me) was only 
characterised in solution and was never isolated com-pletely pure. 
 
The identity of the reductively coupled product Me-3 was also 
clear from an analysis of the NMR: the 
19
F spectrum con-sists of a 
single resonance (no 
195
Pt satellites) and the 
1
H spec-trum shows the 
cyclometallated alkyl group is still attached to platinum and that the 
newly introduced methyl group has coupled with the aryl ring. This 
complex could be isolated and purified; further variable temperature 
NMR experiments showed that, at room temperature and below, the 
2-methyl-4-fluoro-phenyl ring is prevented from freely rotating 
about its bond to the pyridine (we can estimate the barrier to free 
rotation to be 63 ± 5 kJ mol−
1
, see ESI†) and this renders the two 
hydrogens and the two methyls of the cyclometallated group 
inequivalent on the NMR time scale. 
 
Complete conversion to the reductively coupled product Me-3 
could be induced with extended reaction times (2 hours at 50 °C) or 
by treatment of the mixture with AgBF4, to gene-rate Me-4, 
followed by treatment with NaI, Scheme 2. Removal of the iodide in 
Me-3 to generate Me-4 also reduces the impe-diment to rotation of 
the 2-methyl-4-fluoro-phenyl ring about its bond to the pyridine: in 
Me-4 both cyclometallated hydro-gens are equivalent in the 
1
H 
NMR (as are the two cyclometal-lated methyls), with no evidence of 
any broadening of the signals even upon cooling the sample to −60 
°C.  
Addition of extra iodide in the form of ten equivalents of 
tetrabutylammonium iodide had no discernable eﬀ ect on the rate of 
either the oxidative addition of MeI to 1 or of the reduc-tive 
elimination from 2(Me). Similarly, addition of ten equi-valents of 
tetrabutylammonium chloride had no eﬀ ect on reac-tion rates nor on 
the identity of the product: chloride was not incorporated at the 
expense of iodide. Taken together, these results clearly imply the 
reductive coupling from 2(Me) is not preceded by loss of iodide, but 
is an intramolecular process. 
The reactions described above are completely clean and at no 
point do we see any evidence for the sp
3
–sp
3
 coupling of 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 2  
  
 
the methyl group with the cyclometallated t-butyl group: there is 
complete chemoselectivity for alkyl–aryl coupling. 
 
Recyclometallation and a second oxidative addition 
 
Treatment of Me-3 with K2CO3, which acts as a base to remove the 
HI by-product, induced the recyclometallation reaction to give Me-1, 
though the process was rather slow, taking around one week at 50 
°C.
15
 It proved more convenient to treat Me-4 with K2CO3, 
whereupon a faster reaction (16 h, RT) to generate Me-1 took place. 
We should note that while the activation of the aryl bond in Me-3 or 
Me-4 to give a five-membered metalla-cyle is favoured over the 
formation of a six-membered ring via activation of the alkyl group, 
examples where this preference has been overridden by other factors 
have been reported.
6b 
 
Doubly cyclometallated Me-1 was fully characterised and though 
we were not able to grow crystals suitable for X-ray ana-lysis, by 
analogy with the situation with the methylated diphenylpyridine 
complex,
13c
 we would expect a significant degree of steric strain to 
be associated with the methyl group.  
From Me-1, it is now possible to repeat the cycle of reaction 
described above. Treatment of Me-1 with MeI resulted in an initial 
reaction to the six-coordinate Me-2(Me) at a similar same rate as 
before, Scheme 3. Now, however, the reductive coupling reaction to 
give Me2-3 is substantially faster: after 30 minutes 25% of the 
starting Me-1 remained, but only 5% of the mixture was present as 
the six-coordinate Me-2(Me), with the remaining 70% present as the 
coupled Me2-3. Again the  
 
 
coupling reaction was 100% chemoselective to form the doubly 
methylated phenyl, with no trace of methylated t-butyl group. The 
quantities of Me-2(Me) present at any time were only a small 
fraction of the reaction mixture and the only reliable spectroscopic 
data we could collect was the 
19
F and 
31
P NMR resonances; 
conversely, Me2-3 was fully characterised. Presumably the rotation 
of the substituted phenyl ring about its bond to the pyridine in Me2-3 
is even more restricted than in Me-3 but, since the two sides of the 
ring are now identical, it is impossible to tell from the NMR spectra. 
 
That the rate of MeI addition to Me-1 is not appreciably diﬀ erent 
from that to 1 is not surprising: the approach of a molecule of MeI to 
the platinum centre should not be hin-dered by the remote methyl 
group, and the platinum centres in both compounds (as evidenced by 
the 
195
Pt and 
31
P shifts and the 
1
JPt–P) have very similar electronic 
properties. That the second reductive coupling to give Me2-3 is 
substantially faster than that yields Me-3 is significant. This increase 
in reaction rate is likely to arise from the unfavourable steric 
interactions of first methyl group, in Me-2(Me), with the pyridine 
ring, which are relieved when the reductive coupling occurs, allow-
ing the methylated ring to rotate away. 
 
It also proved possible to combine the sequence of five reac-tions 
into a one pot synthetic process. Thus with an excess of methyl 
iodide and potassium carbonate present, a reaction time of one week, 
the oxidative addition, reductive coupling, recyclometallation, 
second oxidative addition and second 
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Scheme 4  
 
 
reductive coupling reactions followed each other sequentially, giving 
Me2-3 as the ultimate product in high purity, Scheme 4. 
 
Oxidative addition of other halides 
 
The SN2 type oxidative addition reactions shown in the first step of 
Scheme 1 is to be expected with organic halides other than just 
methyl iodide and we confirmed this with similar be-haviour with 
two other halides: allyl bromide and benzyl bromide, Scheme 5.
14 
 
The reductive coupling reaction with both allyl and benzyl 
bromides was, once again, completely selective. The oxidative 
addition of the allyl bromide occurs at a similar rate to that of methyl 
iodide (roughly 30% starting 1 remaining after 30 min reaction, 
compared with 25% with MeI), though the rate of reductive coupling 
seems to be a bit faster (allyl-3 makes up roughly 15% of the 
reaction mixture after 30 min, compared with 10% with MeI). The 
initial oxidative addition of the benzyl bromide occurs at a slower 
rate to that of methyl iodide (roughly 75% starting 1 remaining after 
30 min reaction), and the rate of reductive coupling seems to be 
similar to that of the allyl compound (Bn-3 makes up roughly 6% of 
the reaction mixture after 30 min). 
 
For both allyl-3 and Bn-3, like Me-3, the restricted rotation of the 
substituted phenyl ring leads to separate resonances for the two 
cyclometallated hydrogens and the two methyls of the 
cyclometallated group in the 
1
H NMR spectrum. Though we did not 
follow the reaction through to a doubly substituted  
 
product with allyl bromide, there is no reason to suspect that the 
reaction would show diﬀ erent behaviour to that seen for methyl 
iodide; we did, however use the one-pot reaction tech-nique to go 
through to the doubly substituted product Bn2-3.  
Thus, in all three examples studied, we see a complete selectivity 
for the sp
2
–sp
3
 coupling reaction over the alternative sp
3
–sp
3
 
coupling. 
 
Origins of the selectivity in the sp
2
–sp
3
 coupling 
 
We did not perform a detailed computational study, but have 
sketched likely transition states for the two potential coupling 
reactions from the six-coordinate 2 in Scheme 6. Thus, when the R 
group is cis to the nitrogen (as it is in the as-synthesised complexes) 
it is easy to see that coupling of the R group with the aryl ring, cis-
TS(alk,aryl), requires little rearrangement of the two groups. 
Conversely, there is an immediate steric clash between the R group 
and one of the hydrogens of the attached alkyl group, and substantial 
rearrangement of the groups must be required before eﬀ ective 
overlap of the orbitals can occur, cis-TS(alk,alk). Hence the 
selectivity observed makes sense. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is interesting to contemplate what would have happened if the 
R group had been trans to the nitrogen. Now it is the coupling of the 
R group with the alkyl group that requires minimal rearrangement, 
trans-TS(alk,alk), with a steric clash (of the R group and the 
hydrogen ortho to the fluorine) pre-senting itself in the coupling of 
the R group with the aryl ring, trans-TS(alk,aryl). We would 
predict, therefore, that were this isomer of 2 to be prepared, it would 
reverse the selectivity we see and undergo an sp
3
–sp
3
 coupling. 
Such behaviour has pre-cedent in the reductive elimination of alkyl 
chloride, rather than aryl chloride, from an analogue of 2.
12 
 
Finally, we should note that the reductive coupling seen here 
appears to be spontaneous, and does not need to be stimulated by 
halide abstraction from the six-coordinate plati-num(IV) species. 
Further evidence for the spontaneous nature of the reductive 
coupling comes from the lack of any eﬀ ect on the reductive 
coupling from the addition of excess halide: neither the rate or the 
product identity is aﬀ ected by excess tetrabutylammonium chloride 
or iodide. Whilst not un-precedented, spontaneous couplings 
rare
4c,16
 but have already been implicated in the reductive 
elimination of alkyl chloride from similar complexes.
12 
 
 
 
Conclusions 
 
The oxidative addition of three diﬀ erent organic halides to a non-
symmetric platinum(II) mer coordinated dicyclometallated C^N^C 
complex yielded short-lived six-coordinate platinum(IV) complexes. 
The newly introduced organic fragment had, in each case, an sp
3
 
hybridised carbon, with the dicylometallated ligand being bonded to 
the platinum centre through two diﬀ erent carbons: an sp2 hybridised 
aryl and an sp
3
 hybridised alkyl. Thus the coupling of two organic 
fragments had two competing alternatives. In fact a complete 
selectivity for an sp
2
–sp
3
 coupling over a possible sp
3
–sp
3
 was 
observed. This selectivity might have been predicted on the normal 
basis of a steric barrier associated with non-flat sp
3
 hybridised 
groups, but we suggest that it arises from the stereochemistry at the 
metal and the orientation of the ligands. 
 
 
 
Experimental 
 
General 
 
All chemicals were used as supplied, unless noted otherwise. All 
NMR spectra were obtained on Bruker Avance 400, 500 or 600 
MHz spectrometers and were recorded at room tempera-ture, in 
chloroform, unless stated otherwise. 
1
H and 
13
C signals are 
referenced to external TMS, assignments being made with the use of 
decoupling, GOESY and COSY pulse sequences. 
19
F and 
31
P 
chemical shifts are quoted from the directly observed signals 
(referenced to external CFCl3 and 85% H3PO4, respectively). 
1
H–
195
Pt correlation spectra were recorded using a variant of the HMBC 
pulse sequence and the 
195
Pt chemical shifts reported are taken from 
these spectra 
 
(referenced to external Na2PtCl6). All elemental analyses were 
performed by Warwick Analytical Service. High-resolution mass 
spectra were recorded from a water/acetonitrile solution (80/20) on a 
Bruker MaXis plus operating in ESI mode. The DMSO precursor to 
1 was prepared as previously reported.
11a,e 
 
The leftmost labelling scheme was used for all complexes except 
Me2-3 and Bn2-3, for which the right hand scheme was used:  
 
 
 
 
 
 
 
 
Synthesis of complex 1 
 
50 mg of doubly cyclometallated DMSO precursor complex (0.10 
mmol) was dissolved in dry ethylacetate (20 ml), under nitrogen. 
Separately, also under an atmosphere of nitrogen, tri-propyl 
phosphine (16 mg, 0.10 mmol, 1 eq.) was dissolved in ethylacetate 
(20 ml). The solution of phosphine was added slowly to the Pt(II) 
solution over 10 min at RT and left to stir for a further 10 min. The 
solvent was then removed and crude product purified by column 
chromatography on silica, eluting with toluene, to give 1 as a yellow 
solid (46 mg, 0.08 mmol, 80%). 
 
1 δH = 7.63 (1H, t, 
3
JH–H = 8 Hz, Hi), 7.43 (1H, dd, 
3
JH–H =  
8 Hz, 
4
JH–F = 5 Hz, He), 7.36 (1H, d, 
3
JH–H = 8 Hz, Hh), 7.25 (1H, 
dd, 
3
JH–F = 9.5, 
4
JH–H = 2.5 Hz, 
3
JH–Pt = 29 Hz, Hb), 6.93 (1H, d, 
3
JH–H = 8 Hz, Hj), 6.67 (1H, td, 
3
JH–H = 
3
JH–F = 9.5, 
4
JH–H = 2.5 
Hz, Hd), 1.86 (6H, m, PCH2), 1.78 (2H, s, 
2
JH–H = 39 Hz, Hn), 1.56 
(6H, m, PCH2CH2), 1.30 (6H, s Hm), 0.97 (9H, t, 
3
JH–H = 7.5, 
PCH2CH2Me) ppm.  
δC = 14.79 (d, 
3
JC–P = 15.5 Hz, PCH2CH2Me), 15.63 (s, 
3
JC–Pt = 
32.5 Hz, PCH2CH2), 26.14 (d, 
1
JC–P = 35.63, 
2
JC–Pt = 37.5 Hz, 
PCH2), 33.11 (s, 
3
JC–Pt = 18.5 Hz, Cm), 34.79 (d, 
2
JC–P = 6 Hz, 
1
JC–
Pt = 466 Hz, Cn), 51.52, (d, 
3
JC–P = 3.5 Hz, 
2
JC–Pt = 21 Hz, Cl), 
108.05 (d, 
2
JC–F = 22 Hz, Cd), 114.28 (d, 
4
JC–P = 3 Hz, 
3
JC–Pt = 
25.5 Hz, Ch), 117.50 (d, 
4
JC–P = 2.5 Hz, 
3
JC–Pt = 33 Hz, Cj), 122.31 
(d, 
2
JC–F = 15 Hz, 
2
JC–Pt = 64.5 Hz, Cb), 124.77 (d, 
3
JC–F =  
9 Hz, 
3
JC–Pt  = 30 Hz, Ce), 136.76 (s, Ci), 145.20 (m, 
2
JC–Pt  = 
26 Hz, Cf ), 163.22 (s, 
2
JC–Pt = 52 Hz, Hg), 163.72 (d, 
2
JC–F = 
254.5 Hz, 
3
JC–Pt = 52 Hz, Cc), 173.95 (m, 
1
JC–Pt = 686 Hz, Ca), 
176.22 (s, 
2
JC–Pt = 19 Hz, Hk) ppm. 
δF = −111.69 (
4
JF–Pt = 26.5 Hz) ppm. δP = 0.44 (
1
JP–Pt = 3813 
Hz) ppm. δPt = −4026 (d, 
1
JPt–P = ∼3700 Hz) ppm.  
HR-MS (ESI): found 582.2186, calculated 582.2191 = 
C24H35FNP
194
Pt = [M]
+
. 
Elemental analysis found (calculated): C 49.54 (49.48), H 6.07 
(6.06), N 2.26 (2.40). 
 
Synthesis of 2(Me), 2(allyl), 2(Bn), Me-3, allyl-3 and Bn-3 
 
2(Me) and Me-3 MeI (20 µl, excess), was added to a solution of 1 
(46 mg, 0.08 mmol) in CDCl3 and heated (50 °C, 1 hour) to give full 
conversion to Me-3. The solvent was removed to give pure Me-3 (58 
mg, 0.08 mmol, 100%). If reaction time was 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
reduced to 30 min, it was possible to identify 2(Me) by NMR 
analysis, but it was not possible to purify it.  
The allyl and benzyl versions, were synthesised in a similar 
procedure.  
2(Me) δH = 7.67 (2H, m, Hi,e), 7.50 (1H, d, 
3
JH–H = 7 Hz, Hh), 
7.26 (1H, dd, 
3
JH–F = 9 Hz, 
4
JH–H = 2.5 Hz, 
3
JH–Pt = 25 Hz, Hb), 
6.86 (1H, d, 
3
JH–H  = 7 Hz, Hh), 6.70 (1H, td, 
3
JH–H  = 
3
JH–F  = 
8.5 Hz, 
4
JH–H = 2.5 Hz, Hd), 3.13 (1H, d, 
2
JH–H = 10.5 Hz, 
2
JH–Pt = 
60 Hz, Hn′), 2.17 (6H, m, PCH2), 1.69 (1H, dd, 
2
JH–H = 10.5 Hz, 
3
JH–P = 2 Hz, 
2
JH–Pt = 20 Hz, Hn), 1.60 (6H, m, PCH2CH2), 1.56 
(3H, s, Hm′), 1.31 (3H, s, Hm), 1.01 (12H, m, PtMe, PCH2CH2Me) 
ppm.  
δC = 5.03 (d, 
2
JC–P = 4 Hz, 
1
JC–Pt = 563 Hz, PtMe), 14.54 (d, 
3
JC–P = 14.5 Hz, PCH2CH2Me), 16.83 (
2
JC–P = 3 Hz, PCH2CH2), 
25.36 (d, 
1
JC–P = 37 Hz, 
2
JC–Pt = 24 Hz, PCH2), 29.74 (d, 
2
JC–P =  
3 Hz, 
1
JC–Pt = 388 Hz, Cn), 32.71 (s, Cm′), 35.49 (s, Cm), 52.16 (s, 
Cl), 109.30 (d, 
2
JC–F = 25 Hz, Cd), 116.27 (s, Ch), 119.56 (s,  
3
JC–Pt = 28 Hz, Cj), 121.58 (d, 
2
JC–F = 17 Hz, 
2
JC–Pt = 34 Hz, Cb), 
126.05 (d, 
3
JC–F = 9 Hz, 
3
JC–Pt = 22 Hz, Ce), 137.20 (s, Ci), 143.19 
(s, Cf ), 160.00 (s, 
2
JC–Pt = 31 Hz, Cg), 162.38 (d, 
1
JC–F = 255 Hz, 
3
JC–Pt = 39 Hz, Cc), 167.94 (m, 
1
JC–Pt = 536 Hz, Ca), 175.88 (s, 
2
JC–Pt = 48 Hz, Ck) ppm.  
δF = −110.33 (
4
JF–Pt = 22 Hz) ppm. δP = −22.00 (
1
JP–Pt = 2704 
Hz) ppm. δPt = −3500 (d, 
1
JPt–P = ∼2750 Hz) ppm.  
HR-MS (ESI): found 596.2348, calculated 596.2347 = 
C25H38FNP
194
Pt = [M − I]
+
.  
2(allyl) δF = −110.58 (
4
JF–Pt = 21.5 Hz) ppm. δP = −20.86 (
1
JPt–
P = 2770 Hz) ppm. 
2(Bn) δF = −110.78 (
4
JF–Pt = 22 Hz) ppm. δP = −21.17 (
1
JPt–P = 
2772 Hz) ppm.  
Me-3 δH = 7.70 (1H, t, 
3
JH–H = 
3
JH–H = 8 Hz, Hi), 7.65 (1H, dd, 
3
JH–H = 8.5 Hz, 
4
JH–F = 6 Hz, Ha), 6.16 (2H, m, Hh,j), 6.86 (1H, dd, 
3
JH–H = 10 Hz, 
4
JH–H = 2.5 Hz, Hd), 6.80 (1H, td, 
3
JH–H = 
3
JH–F = 
8 Hz, 
4
JH–H = 2.5 Hz, Hb), 2.45 (3H, s, Me), 1.77 (6H, m, PCH2) 
1.49 (14H, m, Hm,n, PCH2CH2), 0.95 (9H, t, 
3
JH–H = 7 Hz, 
PCH2CH2Me) ppm.  
(600 MHz) Note that at 298 K PCH2 is broader than normal, 
without its characteristic shape. See ESI.† Hm is split into two broad 
peaks separated by 85 Hz. At 328 K, Hm has coalesced to form one 
broad lump hidden under PCH2CH2, and PCH2 has regained its 
characteristic shape. Lowering the temperature to 268 K, Hm now 
comprises of two distinct peaks (1.44 and 1.66). Two new peaks also 
appear which correspond to Hn. These peaks are at 1.74 (1H, dd, 
2
JH–H = 10 Hz, 
3
JH–P = 3.5 Hz) and 2.21 (1H, d, 
2
JH–H = 10 Hz, 
2
JH–Pt = ∼43 Hz) which were pre-viously hidden under PCH2CH2. 
Lowering the temperature further to 238 K we see PCH2 beginning 
to separate into 2 peaks. Using a separation of 131 Hz and a 
coalescence temp-erature of 313 K for Hm we can calculate a barrier 
of 62.9 kJ mol−
1
; a coalescence temperature of 298 would equate to 
a barrier of 59.9 kJ mol−
1
; variations in the peak separation make a 
similar diﬀ erence in calculated value, hence our esti-mate of an 
uncertainty of ±5 kJ mol−
1
.  
δC = 14.68 (d, 
3
JC–P = 15 Hz, PCH2CH2Me), 16.96 (s, 
3
JC–Pt = 
35 Hz, PCH2CH2), 20.67 (s, Me), 26.49 (d, 
1
JC–P = 38 Hz, 
2
JC–Pt = 
38 Hz, PCH2), 31.58 (d, 
2
JC–P = 4 Hz, 
1
JC–Pt = 727 Hz, Cn), 48.83 
 
(s, Cl), 110.64 (d, 
2
JC–F = 20 Hz, Cb), 116.18 (d, 
2
JC–F = 22 Hz, Cd), 
118.35 (s, 
3
JC–Pt = 20 Hz, Cj), 124.57 (d, 
4
JC–P = 4 Hz, Ch), 134.56 
(d, 
3
JC–F = 10 Hz, Ca), 135.9 (s, Ci), 136.91 (d, 
4
JC–F =  
8 Hz, Cf ), 138.31 (d, 
3
JC–F = 3 Hz, Ce), 159.57 (s, Ck), 162.22 (d, 
1
JC–F = 251 Hz, Cc), 173.30 (d, 
3
JC–P = 3 Hz, Cg) ppm. Note that at 
298 K Cm does not show a resonance. This is probably due  
to broadness of this peak at this temperature. 
δF = −113.28 ppm. δP = −2.05 (
1
JP–Pt = 4303 Hz) ppm. δPt = 
−4339 (d, 
1
JPt–P = ∼4300 Hz) ppm.  
HR-MS (ESI): found 596.2353, calculated 596.2347 = 
C25H38FNP
194
Pt = [M − I]
+
. 
Elemental analysis found (calculated): C 41.54 (41.44), H 5.26 
(5.29), N 1.78 (1.93).  
Allyl-3 δH = 7.76 (1H, t, 
3
JH–H = 7.5 Hz, Hi), 7.63 (1H, dd, 
3
JH–
H = 8 Hz, 
4
JH–F = 6 Hz, Ha), 7.26 (1H, d, 
3
JH–H = 7.5 Hz, Hj), 7.23 
(1H, d, 
3
JH–H = 7.5 Hz, Hh), 6.98 (1H, dd, 
3
JH–F = 10 Hz, 
4
JH–H = 2 
Hz, Hd), 6.90 (1H, td, 
3
JH–H = 
3
JH–F = 8 Hz, 
4
JH–H = 2 Hz, Hb), 
5.99 (1H, ddt, 
3
JH–Htrans = 17 Hz, 
3
JH–Hcis = 10 Hz, 
3
JH–H  = 6.5 Hz, Hallyl), 5.06 (1H, dd, 
3
JH–H  = 10 Hz, 
3
JH–H  =  
1.5 Hz, Hallyl), 5.01 (1H, dd, 
3
JH–H = 17 Hz, 
3
JH–H = 1.5 Hz, Hallyl), 
3.69 (2H, d, 
3
JH–H = 6.5 Hz, Hallyl), 2.05 (1H, d, 
2
JH–H = 9.5 Hz, 
2
JH–Pt = 60 Hz, Hn), 1.77 (6H, m, PCH2), 1.68 (1H, d, 
2
JH–H = 9.5 
Hz, Hn), 1.63 (3H, s, Hm), 1.58 (6H, m, PCH2CH2), 1.48 (3H, s, 
Hm), 1.01 (9H, t, 
3
JH–H = 6 Hz, PCH2CH2Me) ppm.  
Note that at 298 K both Hm and Hn have separated into two peaks 
each, separated by 75 Hz and 183 Hz respectively (600 MHz 
spectrometer).  
δC = 15.73 (d, 
3
JC–P = 15 Hz, PCH2CH2Me), 17.91 (s, 
3
JC–Pt = 
32 Hz, PCH2CH2), 26.27 (d, 
1
JC–P = 37 Hz, 
2
JC–Pt = 46 Hz, PCH2), 
27.39 (d, 
2
JC–P  = 5 Hz, 
1
JC–Pt = 746 Hz, Cn), 32.58 (s, 
3
JC–Pt = 
59 Hz, Hm), 34.07 (s, 
3
JC–Pt = 33 Hz, Hm), 38.49 (s, Callyl), 49.72 
(s, 
2
JC–Pt = 23.5 Hz, Cl), 112.08 (d, 
2
JC–F = Hz, Cb), 115.96 (d, 
2
JC–
F = Hz, Cd), 116.37 (s, Callyl), 119.62 (s, 
3
JC–Pt = 25 Hz, Cj), 125.67 
(d, 
4
JC–P = 4 Hz, Ch), 132.71 (d, 
3
JC–F = 9.5 Hz, Ch), 136.95 (m, Cf 
), 137.05 (m, Ci,allyl), 141.01 (d, 
3
JC–F = 8.5 Hz, Ce), 159.90 (s, Cg), 
163.21 (d, 
1
JC–F = 249 Hz, Cc), 174.60 (s, Ck) ppm.  
δF = −113.00 ppm. δP = −1.2 (
1
JP–Pt = 4330 Hz) ppm. δPt = 
−4214 (d, 
1
JPt–P = ∼4350 Hz) ppm.  
HR-MS (ESI): found 622.2493, calculated 622.2504 = 
C27H40FNP
194
Pt = [M − Br]
+
.  
Bn-3 δH = 7.57 (2H, m, Ha,i), 7.14 (3H, m, Hj, Bn-m), 7.08 (1H, 
m, Bn-p), 7.05 (2H, d, 
3
JH–H = 7.5 Hz, Bn-o), 6.99 (2H, d, 
3
JH–H = 
7.5 Hz, Hh), 6.85 (1H, td, 
3
JH–H = 
3
JH–F = 8.5 Hz, 
4
JH–H = 2.5 Hz, 
Hb), 6.70 (1H, td, 
3
JH–F = 10 Hz, 
4
JH–H = 2.5 Hz, Hb),  
4.41 (1H, d, 
2
JH–H = 16.5 Hz, Ho), 2.41 (1H, d, 
2
JH–H = 16.5 Hz, 
Bn-CH2), 1.93 (1H, d, 
2
JH–H = 10.5 Hz, 
2
JH–Pt = 51 Hz, Hn), 1.72 
(7H, m, Hn, PCH2), 1.53 (9H, m, Hm, PCH2CH2), 1.43 (3H, s, Hm), 
0.96 (9H, t, 
3
JH–H = 7 Hz, PCH2CH2Me) ppm.  
Note that at 298 K the Bn-CH2, Hm and Hn resonances have 
separated into 2 peaks each, separated by 103, 60 and 102 Hz 
respectively (600 MHz spectrometer). See ESI.† By 328 K, multi-
plicity is lost in all cases due to broadening of the peaks. Using a 
separation of 102 Hz and a coalescence temperature of 338 K we can 
calculate a barrier of 68.0 kJ mol−
1
; in line with our previous 
calculation our estimate of the uncertainty in this is ±5 kJ mol−
1
. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
δC = 15.70 (d, 
3
JC–P = 14.5 Hz, PCH2CH2Me), 17.89 (s, 
3
JC–Pt =  
31 Hz, PCH2CH2), 26.22 (d, 
3
JC–P = 38 Hz, 
2
JC–Pt = 38 Hz, PCH2), 
27.57 (d, 
2
JC–P = 5 Hz, 
1
JC–Pt = 741 Hz, Cn), 32.83 (s, Cm), 33.81 
(s, Cm), 40.05 (s, Bn-CH2), 49.66 (s, Cl), 112.13 (d, 
2
JC–F = 20 Hz, 
Cb), 116.64 (d, 
2
JC–F = 21 Hz, Cd), 119.64 (s, 
3
JC–Pt = 24 Hz, Cj), 
125.69 (d, 
4
JC–P = 3.5 Hz, Ch), 125.98 (s, Bn-p), 128.32 (s, Bn-m),  
129.26 (s, Bn-o), 132.94 (d, 
3
JC–F = 8.5 Hz, Ca), 136.94 (d, 
3
JC–F = 
3 Hz, Cf ), 137.03 (s, Ci), 140.33 (s, Bn-i), 142.12 (d, 
3
JC–F = 8 Hz, 
Cb), 159.95 (s, Cg), 163.13 (d, 
1
JC–F = 247 Hz, Cc), 174.49 (d, 
2
JC–P = 3 Hz, Ck) ppm.  
Note that at 298 K Cm is split into 2 peaks separated by 114 Hz 
(500 MHz spectrometer).  
δF = −112.82 ppm. δP = −1.05 (
1
JP–Pt = 4318 Hz) ppm. δPt = 
−4219 (d, 
1
JPt–P = ∼4300 Hz) ppm.  
HR-MS (ESI): found 672.2657, calculated 672.2660 = 
C31H42FNP
194
Pt = [M − Br]
+
. 
Elemental analysis found (calculated): C 46.75 (49.14), H 6.06 
(5.62), N 1.49 (1.86). 
 
Synthesis of Me-4 
 
To solution of complex Me-3 (10 mg, 0.014 mmol) in acetone (0.6 
ml) at room temperature, AgBF4 was added (3.7 mg, 0.019 mmol, 
1.4 eq.) giving full conversion. Complex Me-4 was not isolated, and 
only characterised in solution.  
Me-4 δH (acetone-d6) = 8.11 (1H, t, 
3
JH–H = 8 Hz, Hi), 7.59 (2H, 
m, Hj,a), 7.40 (1H, d, 
3
JH–H = 8 Hz, Hh), 7.04 (2H, m, Hb,d), 2.42 
(3H, s, Me), 2.00 (2H, m, 
2
JH–Pt = ∼32 Hz, Hn), 1.54 (12H, m, 
PCH2, PCH2CH2), 0.91 (9H, t, 
3
JH–H = 7 Hz, PCH2CH2Me) ppm. 
 
δC = 15.01 (d, 
3
JC–P = 15.5 Hz, PCH2CH2Me), 16.61 (d, 
2
JC–P = 
5.5 Hz, 
1
JC–Pt = 765 Hz, Cn), 17.45 (s, 
3
JC–Pt = 30 Hz, PCH2CH2), 
20.03 (s, Me), 24.77 (d, 
1
JC–P = 38 Hz, 
2
JC–Pt = 42 Hz, PCH2),  
31.21 (s, Cm), 49.68 (s, Cl), 113.04 (d, 
2
JC–F = 25 Hz, Cb), 117.25 
(d, 
2
JC–F = 22 Hz, Cd), 121.13 (s, Cj), 125.93 (s, Ch), 131.83 (d, 
3
JC–F = 8.5 Hz, Ca), 134.63 (s, Cf ), 139.07 (d, 
3
JC–F = 8.5 Hz, Ce), 
140.10 (s, Ci), 158.35 (s, Cg), 163.02 (d, 
1
JC–F = 245 Hz, Cc), 
173.43 (s, Ck) ppm. 
δF (acetone-d6) = −114.13 ppm. δP (acetone-d6) = 3.00 (
1
JP–Pt = 
4272 Hz) ppm. δPt (acetone-d6) = −4116 (d, 
1
JPt–P = ∼4400 Hz) 
ppm.  
HR-MS (ESI): found 596.2349, calculated 596.2347 = 
C25H38FPN
194
Pt = [M]
+
. 
 
Synthesis of Me-1 and Bn-1 
 
Me-1 To a solution of complex Me-3 (58 mg, 0.08 mmol) in 
chloroform (10 ml), was added a solution of K2CO3 (0.5 g) in water 
(2 ml); the mixture was then stirred (3 days). The solvent were 
removed and the crude product purified by chromato-graphy on 
silica, eluting with chloroform (45 mg, 0.075 mmol, 94%). 
 
Bn-1 was prepared in an similar fashion. 
Me-1 δH = 7.71 (2H, m, Hh,i), 7.25 (1H, m, Hb), 7.02 (1H, d, 
3
JH–H = 8.5 Hz, Hj), 6.56 (1H, dd, 
3
JH–H = 9.5 Hz, 
5
JH–P = 2 Hz, 
Hd), 2.63 (3H, s, Me), 1.92 (6H, m, PCH2), 1.81 (2H, s, 
2
JH–Pt =  
37 Hz, Hn), 1.62 (6H, m, PCH2CH2), 1.37 (6H, s, Hm), 1.04 (9H, t, 
3
JH–H = 7 Hz, PCH2CH2Me) ppm. 
 
 
δC = 14.81 (d, 
3
JC–P = 14.5 Hz, PCH2CH2Me), 17.27 (s, 
3
JC–Pt =  
32 Hz, PCH2CH2), 23.73 (s, Me), 26.01 (d, 
1
JC–P = 35 Hz, 
2
JC–Pt = 
35 Hz, PCH2), 33.36 (s, 
3
JC–Pt = 18 Hz, Cm), 35.18 (d, 
2
JC–P = 6.5 
Hz, 
1
JC–Pt = 460 Hz, Cn), 51.43 (d, 
3
JC–P = 4 Hz, Cl), 112.42 (d, 
3
JC–F = 21.5 Hz, Cd), 117.06 (d, 
4
JC–P = 3 Hz, 
3
JC–Pt = 31 Hz, Ch), 
118.36 (d, 
4
JC–P = 3 Hz, 
3
JC–Pt = 23 Hz, Cj), 120.13 (d, 
2
JC–F =  
14 Hz, 
2
JC–Pt = 60 Hz, Cb), 136.42 (s, Ci), 137.37 (d, 
3
JC–F = 7.5 
Hz, 
3
JC–Pt = 31 Hz, Ce), 143.77 (s, 
2
JC–Pt = 29 Hz, Cf ), 162.55 (d, 
1
JC–F = 254 Hz, 
3
JC–Pt = 55 Hz, Cc), 163.69 (s, 
2
JC–Pt = 54 Hz, Cg), 
175.35 (m, 
1
JC–Pt = 680 Hz, Ca), 177.22 (s, 
2
JC–Pt = 54.5 Hz, Ck) 
ppm.  
δF = −114.13 (
4
JF–Pt = 28 Hz) ppm. δP = 0.96 (
1
JP–Pt = 3820 
Hz) ppm. δPt = −3995 (d, 
1
JPt–P = ∼3900 Hz) ppm.  
HR-MS (ESI): found 604.2003, calculated 604.2010 = 
C25H37FNP
194
Pt = [M]
+
.  
Elemental analysis found (calculated): C 50.83 (50.33), H 6.43 
(6.25), N 2.19 (2.35).  
Bn-1 δH = 7.55 (1H, t, 
3
JH–H = 7.5 Hz, Hi), 7.41 (1H, d, 
3
JH–H = 
7.5 Hz, Hh), 7.35 (d, 1H, 
3
JH–F = 8 Hz, 
4
JH–H = 2 Hz, 
3
JH–Pt = #20 
Hz, Hb), 7.31 (3H, m, Bn-m,p), 7.20 (2H, d, 
3
JH–H = 8.5 Hz, Bn-o), 
6.98 (1H, d, 
3
JH–H = 7.5 Hz, Hj), 6.51 (1H, dd, 
3
JH–F = 10 Hz, 
4
JH–
H = 2 Hz, Hd), 4.34 (2H, s, Bn-CH2), 1.95 (6H, m, PCH2), 1.83 (2H, 
s, 
2
JH–Pt = 37 Hz, Hn), 1.66 (6H, m, PCH2CH2), 1.38 (6H, s, Cm), 
1.07 (9H, t, 
3
JH–H = 7 Hz, PCH2CH2Me) ppm. 
 
δC = 14.79 (d, 
3
JC–P = 14 Hz, PCH2CH2Me), 17.26 (s, 
3
JC–Pt = 
30.5 Hz, PCH2CH2), 26.00 (d, 
1
JC–P = 36 Hz, 
2
JC–Pt = 36 Hz, 
PCH2), 33.36 (s, 
3
JC–Pt = 17 Hz, Cm), 35.17 (s, Cn), 40.86 (s, Bn-
CH2), 51.44 (s, Cl), 112.69 (d, 
2
JC–F = 24 Hz, Cd), 117.35 (s, Cj), 
118.52 (s, Ch), 120.83 (d, 
2
JC–F = 16 Hz, Cb), 125.29 (s, Bn-p), 
127.69 (s, Bn-o,m), 136.46 (s, Ci), 138.82 (s, Bn-i), 144.28 (s, Cf ), 
162.82 (s, Cg), 162.85 (d, 
1
JC–F = 253 Hz, Cc), 175.66 (m, Ca), 
177.07 (s, Ck) ppm.  
δF = −113.66 (
4
JF–Pt = 26.5 Hz) ppm. δP = 0.86 (
1
JP–Pt = 3813 
Hz) ppm. δPt = −3987 (d, 
1
JPt–P = ∼3850 Hz) ppm.  
Mass spec: found 672.2661, calculated 672.2660 = 
C31H41FNP
194
Pt = [M]
+
. 
 
Synthesis of Me-2(Me) and Me2-3 
 
MeI (20 µl, excess), was added to a solution of Me-1 (10 mg, 0.016 
mmol) in CDCl3 and heated (50 °C, 1 hour) to give full conversion 
to Me2-3. The solvent was removed to give pure Me2-3 (12 mg, 
0.016 mmol, 100%). If reaction time was reduced to 30 min, it was 
possible to identify key NMR reson-ances for Me-2(Me), but it was 
not possible to purify it. 
Me-2(Me) δF = −113.19 ppm. δP = −19.77 ppm.  
Me2-3 δH = 7.80 (1H, t, 
3
JH–H = 8 Hz, Hg), 7.27 (1H, d, 
3
JH–H = 
8 Hz, Hh), 7.08 (1H, d, 
3
JH–H = 8 Hz, Hf ), 6.73 (2H, d, 
3
JH–F = 9.5 
Hz, Hb), 2.35 (6H, s, Me), 1.83 (8H, m, Hl, PCH2), 1.56 (12H, m, 
Hk, PCH2CH2), 0.99 (9H, t, 
3
JH–H = 7 Hz, PCH2CH2Me) ppm. 
 
δC = 15.76 (d, 
3
JC–P = 18 Hz, PCH2CH2Me), 18.00 (s, 
3
JC–Pt = 
30 Hz, PCH2CH2) 22.24 (s, Me), 27.57 (d, 
1
JC–P = 35 Hz, 
2
JC–Pt = 
48 Hz, PCH2), 33.23 (s, 
3
JC–Pt = 44 Hz, Ck), 35.16 (s, 
1
JC–Pt = 727 
Hz, Cl), 49.98 (s, Cj), 114.22 (d, 
2
JC–F = 23 Hz, Cb), 119.42 (s, Ch), 
126.44 (s, Cf ), 136.86 (s, Cd), 137.44 (s, Cg), 139.83 (d, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
JC–F = 10 Hz, Cc), 160.69 (s, Ce), 162.80 (d, 
1
JC–F = 254 Hz, Ca), 
174.32 (s, Ci) ppm.  
δF = −114.84 ppm. δP = −1.80 (
1
JP–Pt = 4292 Hz) ppm. δPt = 
−4382 (d, 
1
JPt–P = ∼4300 Hz) ppm.  
HR-MS (ESI): found 610.2508, calculated 610.2504 = 
C26H40FNP
194
Pt = [M − I]
+
.  
Elemental analysis found (calculated): C 43.85 (42.28), H 5.73 
(5.46), N 1.85 (1.90). 
 
One pot synthesis of Me2-3 and Bn2-3  
Me2-3 To solution of 1 (25 mg, 0.043 mmol) in chloroform (0.6 ml) 
was added MeI (20 µl, excess) and 2 M aqueous K2CO3  
(0.08 ml). The reaction mixture was then heated with stirring (50 °C, 
1 week). The water layer was decanted oﬀ , and the solvent and 
excess MeI removed. The product was purified by column 
chromatography on silica, elution was with toluene, giving pure 
Me2-3 (29 mg, 0.04 mmol, 92%). 
Bn2-3 was prepared in a similar fashion.  
Bn2-3 δH = 7.32 (1H, t, 
3
JH–H = 8.5 Hz, Hg), 7.07 (7H, m, Hh, 
Bn-m,p), 6.91 (4H, d, 
3
JH–H = 8 Hz, Bn-o), 6.61 (2H, d, 
3
JH–F = 10 
Hz, Hb), 6.53 (2H, d, 
3
JH–H = 8.5 Hz, Hf ), 4.16 (2H, d, 
2
JH–H =  
16 Hz, Bn-CH2), 4.09 (2H, d, 
2
JH–H = 16 Hz, Bn-CH2), 1.75 (8H, 
m, Hl, PCH2), 1.55 (6H, m, PCH2CH2), 1.52 (6H, m, Hk), 0.96 (9H, 
t, 
3
JH–H = 7 Hz, PCH2CH2Me) ppm. 
δC = 15.80 (d, 
3
JC–P = 16 Hz, PCH2CH2Me), 18.02 (s, 
3
JC–Pt = 
27 Hz, PCH2CH2), 26.35 (d, 
1
JC–P = 37 Hz, 
2
JC–Pt = 34 Hz, PCH2), 
29.50 (d, 
2
JC–P = 4 Hz, Cl), 33.40 (s, Ck), 40.69 (s, Cm), 49.60 (s, 
Cj), 114.56 (d, 
2
JC–F = 22 Hz, Cb), 119.66 (s, Cf ), 125.88 (s, Bn-p), 
127.26 (s, Ch), 128.18 (s, Bn-m), 129.09 (s, Bn-o), 135.83 (s, Cd), 
136.81 (s, Cg), 140.44 (s, Cn), 143.01 (d, 
3
JC–F = 8 Hz, Cc), 159.11 
(s, Ce), 162.85 (d, 
1
JC–F = 247 Hz, Ca), 174.50 (s, Ci) ppm. 
 
δF = −113.65 ppm. δP = −0.93 (
1
JP–Pt = 4298 Hz) ppm. δPt = 
−4250 (d, 
1
JPt–P = ∼4300 Hz) ppm.  
HR-MS (ESI): found 762.3137, calculated 762.3130 = 
C38H48FNP
194
Pt = [M − Br]
+
. 
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